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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a symbol read de- 
vice for optically reading symbols, such as bar codes 
and characters, by scanning the symbols with a light 
beam, according to the preamble of claim 1 . 

Description of the Prior Art 

With the widespread use of computers, there has 
been increasing demand for various types of automated 
input/output devices. One such device is an optical char- 
acter reader (OCR) and another is a bar code reader 
(BCR). Such devices can read characters and codes re- 
corded on cards, packages, and the like. It is required 
to accurately read characters and codes on character 
and code bearing surfaces by a read head relatively dis- 
tant from the surface being read and not in contact with 
the character and the code bearing surfaces. 

A known symbol read device includes a stand-alone 
type casing containing a laser beam generator for gen- 
erating a laser beam, a scanning mirror for scanning the 
laser beam over a predetermined angular range (the 
scanning mirror could be a polygon mirror or a galvano 
mirror), a photodetecting element for receiving a light 
beam reflected from a symbol surface bearing a symbol 
thereon, and a signal processor for processing an output 
signal of the photodetecting element so as to recognize 
the symbol being read. 

A known bar code reader employs a laser beam for 
scanning a surface bearing the bar code. The laser 
beam forms a small spot even at a distant position from 
the surface being read Thus, it is capable of reading 
bar codes near to or far from the reader (large read 
depth). The bar code reader can automatically scan bar 
codes with the laser beam. An operator places an object 
bearing a bar code within a read field of a laser emitting 
window and the reader reads the bar code When using 
a bar code reader in a pen-type casing, he places and 
slides a pen point of the device over the symbol surface 
bearing the code to be read. 

In various applications, it is advantageous to use a 
so called hand-held type bar code reader The various 
elements of such a reader are contained in a pistol-like 
casing for easy use. It can read the bar code by merely 
pointing the device at a target. It is handy and portable 
Further, it can read from a surface of an object with 
which it is not even in direct contact. For example, a 
hand-held reader can be used to read a small bar code 
printed on a printed circuit board. 

In a laser scan type symbol read device, laser light 
repeatedly scans a surface on which there is a symbol 
to be read. Laser light, having impinged on the symbol 
laden surface is reflected. The reflected light carries in- 
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formation as to the symbol on the surface. This light is 
converted into an electrical signal by some sort of pho- 
todetector The output of the photodetector is amplified 
by an amplifier and signal processed by some kind of 
s recognizing circuit. The recognizing circuit may, for ex- 
ample, convert the amplified signal into a two-value sig- 
nal and recognize based on some threshold level. 

The symbol surfaces may be located at various dis- 
tances from the reading device, such as, tor example, 
10 several cm to 1 m. Thus, the intensities of the reflected 
light received at the photodetector may vary significant- 
ly. If the gain of the amplifier is set to a level required for 
a close symbol surface, the device cannot read a symbol 
on a surface that is a great distance from the device If 
is the amplifier gain is set so as to read distant symbol sur- 
faces, the device will not be able to read nearby symbols 
because the amplifier will be saturated. 

For this reason, a symbol read device designed to 
have a wide read range employs an automatic gain con- 
20 trol technique which automatically accommodates the 
magnitude output of the photodetecting element on the 
basis of the amount of the reflected light from the previ- 
ous scan Levels of signals input to the recognizing cir- 
cuit are limited to be within a preset range by selecting 
25 a small gain for a large quantity of reflected light from a 
close symbol surface, and a large gain for a small quan- 
tity of reflected lightf rom a distant symbol surface Thus, 
such a symbol read device can provide symbol recog- 
nition regardless of read distance. 
30 Recently, symbol read devices have been devel- 
oped that employ an omni scan process or a raster scan 
process to make it easier for an operator to scan sym- 
bols In the omni scan process, as shown in FIGURE 
1 3, a symbol is scanned by a plurality of scan lines at 
35 different angles. In the raster scan process, as shown 
in FIGURE 14, symbols are scanned by a plurality of 
parallel scan lines st to s5 

The bar code read device of the omni scan type can 
read the symbol if anyone of the scan lines scans across 
40 the entire bar code. Accordingly, there is no need to 
place the scanning device in a particular positional re- 
lationship with the bar code being read The handling of 
the bar code read device when it reads symbols is re- 
markably improved. 
45 a raster scan bar code device can read symbols if 
the scan lines are slightly oblique with respect to the bar 
code, because any of the scan lines will move across 
the entire bar code. In this respect, the device is easy 
to handle for reading a bar code. The device can even 
50 read a bar code with a cut-out if any of the scan lines 
traverses a perfect bar code portion of a defective bar 
code. 

Bar code read devices including a laser beam are 
generally arranged so as to constantly emit a laser 
55 beam. The emitted laser beam may directly hit the op- 
erator's eyes Such devices are usually designed to 
read a relatively distant bar code. However, when a bar 
code, which is not the one intended to be read, unex- 
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pectedly comes in a read range of the device, it will mis- 
takenly be read. In this respect, it is desirable that the 
device emits the laser beam only when reading bar 
codes. 

To cope with the problem, a conventional bar code 
read device includes a read start switch. The laser beam 
is emitted only when the switch is operated. Of course, 
the switch must be operated every time the bar code is 
read. This is very inconvenient particularly in such a sit- 
uation as to read a number of bar codes, because the 
switch must be operated many times. Accordingly, re- 
petitive operations impede efficiently entering data. 

To solve the problem, there is a technique disclosed 
in Japanese Patent Application Unexamined Publica- 
tion JP-A-1 252 87. The publication discloses a laser 
oscillator for generating the laser beam that is intermit- 
tently operated even when a bar code is not being read 
The oscillator is continuously operated when an output 
signal of a photodetecting element is within a preset 
range of its value during the oscillation of the laser os- 
cillator. When a quantity of the light reflected from the 
symbol surface is within a predetermined range of its 
values, the device judges that the symbol surface is 
present at a bar code read possible position, and auto- 
matically starts the operation of reading the bar codes 
This technique is efficient. 

However, there are problems associated with this 
technique First, there is a danger that the laser beam 
may hit the eyes of the operator or persons present near 
the bar code read device, because the laser beam is 
intermittently emitted even when a bar code is not being 
read. Secondly, an additional controller is required. That 
is, to detect the symbol surface, the laser beam is di- 
rected toward the center of the scanning angular range 
and fixed thereat. The controller is additionally required 
to effect the control of the laser beam, which makes the 
construction of the device somewhat complicated. 

The bar code reader of the multi-directional scan 
type is advantageous in that the positional relationship 
between the bar code and the bar code reader is not 
always accurately set. This can effect efficient reading 
of bar codes Also, when this type of bar code reader 
reads a plurality of bar codes closely arrayed sideby 
side, it may mistakenly read a bar code that is noHn- 
tended to be read. A read error occurs when the laser 
beam obliquely scans a bar code, but fails to entirely 
scan the bar code. In the multi-directional scan type bar 
code reader, a read error will more frequently occur than 
in the unidirectional scan type barcode reader, because 
in the former, the positional relationship between the bar 
code and the bar code reader is roughly set. The prob- 
lem is serious particularly when the data after read is 
not checked, and use of the unidirectional scan for read- 
ing bar codes sometimes ensures a reliable data read. 
Here, the check is a process of judging as to whether 
the bar code read is correct or not by detecting the first 
and last characters of a bar code when these characters 
are preset or the number of digits of a bar code when it 
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consists of a predetermined number of digits. 

As described above, multi-directional scan bar code 
readers are advantageous in some respects and are 
disadvantageous in others. 

5 In omni scan and raster scan type bar code readers, 
the symbol surface is scanned in successive order, so 
that the scanned position on the surface is different eve- 
ry scan. The quantity of the light reflected from the sym- 
bol surface may be different from scan to scan. The 

10 change in reflected light may be remarkably large par- 
ticularly when the photodetecting element receives the 
light from the symbol surface positioned directly oppo- 
site to the photodetecting element or when an object of 
high reflectivity, for example, metal is present on the 

is scan path. 

The automatic gain control technique which deter- 
mines the gain of a variable gain amplifier on the basis 
of a previous scan, fails to deal with such a situation. 
When the amount of received light is extremely in- 

20 creased, the gain for the output of the photodetecting 
element in the present scan is controlled to be extremely 
small because of the extremely high quantity of the re- 
flected light in the previous scan. Under this condition, 
if the symbol is correctly scanned, the read device can- 

25 not recognize the symbol since the gain for the output 
of the photodetecting element is considerably small. 
Thus, when using the bar code read devices of the omni 
scan type and the raster scan type, there is a case where 
use of the automatic gain control technique will degrade 

30 read performance. One way to avoid this is to narrow a 
range of read distance (read range), and to not use the 
automatic gain control technique. However, this makes 
it difficult to handle and operate the bar code read de- 
vice. 

35 A bar code read device according to the preamble 
of claim 1 is known from JP-A-1 252 87. In this known 
device a scanner is brought to a static state so as to 
irradiate a laser beam axially of a casing under a stand- 
by state and starts reading scanning of a bar code at the 

40 time of inputting a control signal. A laser control circuit, 
under the stand-by state, outputs a laser control signal 
at a constant time interval and intermittently operates a 
laser, thereby, detects a position of a bar code. At the 
time of inputting the control signal, the laser control sig- 

45 nal is continuously outputted while the input is continued 
and the laser beam of a pulse form is successively gen- 
erated from the laser. The control signal is generated 
according to the detection of the presence of the bar 
code. 

so |t is the object of the present invention to provide a 
new improved bar code reading device according to the 
preamble of claim 1 

This object is achieved by the features indicated in 
claim 1 . 

55 A first embodiment (FIGURE 1) utilises separate 
light sources to generate a reading beam and positional 
light. These light sources are either modulated with dif- 
ferent frequencies or are of different wavelengths. Sep- 
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arate detectors are provided, in conjunction with filters 
for distinguishing electrical signals resulting from the de- 
tection of each of the two light sources. 

A beam emitter emits a laser beam. A scanner is 
provided for scanning a symbol surface bearing a sym- 
bol formed thereon with the laser beam. A first detector 
is provided for receiving a light beam reflected by the 
symbol surface and converting the detected light beam 
into an electrical signal. 

A recognising circuit recognises information repre- 
sented by the symbol on the basis of the output signal 
of the first detector during the scanning operation of the 
symbol surface with the laser beam. 

The light beam emitted from the light source is de- 
tected by the second detector. When the distance be- 
tween the symbol surface and the symbol read device 
is long, the amount of light reflected from the symbol 
surface is small and the output of the second detector 
is also small. When the symbol surface is out of a read 
field of the read device, reflected light is not detected by 
the second detector. 

When the output signal of the second detector is 
above a predetermined level, the controller drives the 
beam emitter and the scanner which in turn starts the 
symbol read operation. Accordingly, when the symbol 
surface is relatively distant from the read device or it is 
out of the read field of the read device, the read opera- 
tion is not performed. However, when the symbol sur- 
face is located at such a position to ensure a reliable 
symbol read, the second detector detects a satisfactory 
amount of reflected light. The controller drives the beam 
emitter and the scanner and then starts the symbol read 
operation Thus, the controller judges whether or not the 
symbol surface is located at the reliable symbol read po- 
sition, according to the output signal of the second de- 
tector, and if it is at that position, allows the symbol read 
device to read symbols 

The light source may be any light source that can 
be used to determine the position of the symbol surface. 
A high power light source, such as a laser source, is not 
necessary. It is preferable to use a lower power light 
source that can safely hit an operator's eyes. 

The symbol reading laser beam is modulated by a 
first frequency, and the light beam emitted from the light 
source is modulated by a second frequency different 
from the first frequency By modulating at different fre- 
quencies, the signal corresponding to the laser beam 
can be separated from the signal corresponding to the 
light beam from the light source. Accordingly, the recog- 
nizing circuit can recognize symbols while not respond- 
ing to the adverse effect by the light other than from the 
reading laser beam. The controller can make a reliable 
judgement on the symbol surface position, and is free 
from the adverse effect by the laser beam. 

In an alternative embodiment, different light wave 
lengths are used The reading laser beam has a first 
wave length and the light used to determine symbol sur- 
face position has a second wave length. Detection cir- 



cuits provide a first detection signal based on light of the 
first wave length and a second detection signal based 
on light of the second wave length. The first and second 
detection signals discriminate light from the two light 

5 sources without any confusion. Therefore, the symbol 
read device can reliably recognize symbols by the rec- 
ognizing circuit and can make a reliable judgement on 
the position of the symbol surface by the controller. This 
technique can utilize either a single detector or two sep- 

10 arate and distinct detectors. If a single detector is used, 
the output signal of the detector is separated into com- 
ponents by a signal separator. Those components are 
respectively applied to the recognizing circuit and the 
controller 

ts if different modulating frequencies are used, the la- 
ser beam emitted from the beam emitter is modulated 
by a first frequency, and light from the positional light 
source is modulated by a second frequency different 
from the first frequency. The signal separator includes 

20 filters for separatingthe two modulating frequencies and 
applying the resulting signals to the recognizing circuit 
and controller, respectively. A single detector can be 
used 

In another embodiment (FIGURE 2) a single detec- 
ts tor is used. An output signal generated by the detector 
is separately filtered by two distinct filters to separate 
signal components resulting from each of the two light 
sources 

In another embodiment (FIGURE 3), the output sig- 
30 nal of a single detector is selectively coupled to either a 
recognizing circuit for interpreting the symbol being 
read, or to a controller for controlling the light sources. 
A controller selectively drives the beam emitter or the 
positional light source, and the signal separator includes 
35 a selector operating such that when the beam emitter is 
driven, the selector applies the output signal of the de- 
tector to the recognizing circuit, and when the light 
source is driven, the selector applies the output signal 
of the detector to the controller. The detector is selec- 
40 tively used for the symbol recognition or the symbol sur- 
face position judgement. There is no confusion of the 
laser beam with the light beam from the light source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

various embodiments of the invention will be de- 
scribed in detail with reference to the figures Like ref- 
erence numerals designate like or corresponding parts. 

so FIGURE 1 is a block diagram of a first embodiment 
of a symbol read device according to the present 
invention; 

FIGURE 2 is a block diagram of a second embodi- 
ment of a bar code read device according to the 
55 present invention; 

FIGURE 3 is a block diagram of a third embodiment 
of a bar code read device according to the present 
invention. 
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FIGURE 4 is a block diagram of another bar code 
read device; 

FIGURE 5 is a perspective view of the scanner; 
FIGURE 6 is a block diagram of a another bar code 
read device; 

FIGURE 7 is a view explaining how the scanner 
scans a symbol surface; 

FIGURE 8 is a view of the scan direction detector; 
FIGURE 9 is a timing chart showing an operation of 
the bar code reader when the unidirectional scan 
mode is executed upon selection of the a-direction 
scan. 

FIGURE 10 is a block diagram showing an automat- 
ic gain control circuit group 23; 
FIGURE 11 is a schematic diagram showing an al- 
ternative embodiment of a scan direction detector; 
FIGURE 12 is a block diagram showing an alterna- 
tive embodiment of an automatic gain control cir- 
cuit; 

FIGURE 13 is a view showing an omni scan proc- 
ess; and 

FIGURE 14 is a view showing a raster scan proc- 
ess 

DE TAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following described embodiments constitute 
the best mode at the time this application was filed for 
practicing the invention. 

FIGURE 1 is a block diagram of a first embodiment 
of a symbol read device according to the present inven- 
tion A laser drive circuit 1 pulse-drives a laser source 2 
which constitutes a beam emitting means which emits 
a laser beam L1 . This beam may be referred to as the 
reading beam because light from this beam is ultimately 
detected and interpreted to read a symbol A scanner 3 
causes the laser beam to scan a symbol surface 4 bear- 
ing a bar code (not shown) thereon. Scanner 3 may in- 
clude scanning mirrors, such as a polygon mirror and a 
galvano mirror, and a motor for driving the mirrors. The 
laser drive circuit 1 drives the laser source 2 at a first 
predetermined frequency f1, e.g., 1 MHz., higher than 
a spatial frequency of the bar code. Accordingly, the la- 
ser beam L1 is a light beam modulated by the first fre- 
quency f1 

Light L2 is light L1 , as reflected from surface 4 and 
may carry information as to the symbols on surface 4 
Light L2 is received by a detecting circuit 5. Detecting 
circuit 5 outputs a first electrical signal corresponding to 
light L2. The first electrical signal is filtered by a filter 
circuit 6, which provides a filtered output to a recognizing 
circuit 7. Recognizing circuit 7 wave-shapes the signal 
from filter 6 to generate signals corresponding to white 
bars and black bars of a bar code, discriminates the gen- 
erated signals at proper slice levels to convert the sig- 
nals into two-value signals, and reproduces information 
represented by the bar code on the basis of the two- 



value signal. The output signal of the recognizing circuit 
7 provides input to some data receiving device, such as, 
for example, a personal computer (not shown). Refer- 
ence numeral 8 designates a casing containing the com- 

s ponents as mentioned above. 

A second light source 10 (different from laser 2), is 
provided within the casing 8. Light source 10 may or may 
not be a laser beam. It could, for example, be a light 
emitting diode, or the like. Light source 10 is driven by 

10 a drive circuit 1 1 , that is, pulse-driven at a predetermined 
second frequency f2 different from the first frequency, 
e.g., 2 MHz. or less. Second frequency f2 is different 
from first frequency f 1 and is much higher than the spa- 
tial frequency of the bar code. A light L3f rom light source 

*5 10 illuminates symbol surface 4. Light reflected from 
symbol surface 4 is received by a second detector circuit 

12 where it is converted into a second electrical signal. 
The second electrical signal is filtered by a filter 1 3. Filter 

1 3 has a pass band with a center frequency of f2. Thus, 
20 the light L3, modulated by frequency f2 is passed. Most 

of the adverse effects caused by disturbance lights, for 
example, light from a fluorescent lamp, are eliminated. 
Further, since the laser beam L1 and the light beam L3 
have been modulated with different frequencies f1 and 

25 f2, the reflected light beams corresponding to them will 
not be mistakenly recognized. 

The output of filter 1 3 is coupled to an input of a 
control circuit 14. The control circuit 14 controls laser 
drive circuit 1 , the scanner 3, and the drive circuit 11. A 

30 switch 15 is provided which is accessible from the out- 
side of the casing 8. The switch 15 is operated by an 
operator to start the reading operation of bar codes. 
When the switch 15 is operated, and an output signal of 
the second detector circuit 12, which the control circuit 

3S 1 4 receives through filter 1 3, is in excess of a predeter- 
mined level, the control circuit 1 4 applies a control signal 
for driving the laser source 2 to the laser drive circuit 1 , 
and applies a control signal for power-energizing the 
motor, which drives the scanning mirror of scanner 3. 

^0 The drive circuit 11 pulse-drives the light source 10 
constantly, for example Accordingly, when the laser 
source 2 is driven, the first and second detector circuits 
5 and 12 detect reflected light L2 and L4, respectively. 
Because the pass bands of filters 6 and 1 3 are appro- 

45 priately set, each filter picks up signal components at- 
tributable to its associated light source L1 and L3, re- 
spectively. This arrangement tends to prevent errone- 
ous operation of the control circuit 14 and the recogniz- 
ing circuit 7. 

50 When the symbol surface 4 is located so far from 
the casing 8 that it is likely that there would be an error 
in reading the barcode, the quantity of the reflected light 
L4 received by the second detector circuit 12 is small. 
When the symbol surface 4 is out of the read range of 

55 the bar code read device, the light beam 1 3 of the light 
source 10 is not reflected by the symbol surface 4, and 
hence the second detector 12 cannot detect the light 
beam modulated by the second frequency f2. Thus, 



9 

when the symbol surface 4 is distant or is out of the read 
range of the bar code read device, the electrical signal 
from filter 13 to the controller 4 will not exceed a prede- 
termined level. In this case, the laser source 2 does not 
emit the laser beam L1 , and the scanner 3 is not driven 
When the symbol surface 4 is within the read range, 
and is sufficiently close to the casing 8 to allow the bar 
code read device to read the bar code, the quantity of 
the reflected light 14 from the symbol surface 4 is large 
enough so that the output from filter 1 3 exceeds the pre- 
determined level, and the controller 14 generates con- 
trol signals to operate the laser drive circuit 1 and the 
scanner 3. 

Laser beam L1 is not emitted when the symbol sur- 
face 4 is located so far from the bar code read device 
that a read error is likely, and when the symbol surface 
4 is out of the read range of the bar code read device 
When a bar unexpectedly comes in the read range of 
the device, the laser beam 1 1 will not hit the eyes of per- 
sons near the bar code read device. The bar code read 
device does not emit the laser beam 1 1 until the symbol 
surface 4 reaches a position where the barcode on the 
surface is legible to the bar code read device. There is 
no need to operate switch 15 every time the bar code 
read device is to be used to read a bar code. It automat- 
ically starts the bar code read operation. Additionally, 
the operator can forcibly start the bar code read opera- 
tion of the bar code read device by operating switch 15 
This feature of the bar code read device may be utilized, 
for example, in a case where the symbol surface 4 is 
located greatly apart from the bar code read device. In 
this case, an operator lays the bar code read device at 
the bar code on the symbol surface 4, and operates the 
switch 1 5 to read the distant bar code. 

The light source 10, which is used for judging the 
relative position of the symbol surface 4, is constantly 
driven to emit light The light beam 13 is of such a low 
intensity that even if it directly hits someone's eyes, it is 
not harmful. Approximately 0.1 mW of the light source 
10 is sufficient. The wave length of light from source 10 
is selected to be equal to a peak wave length of the sil- 
icon photodiode, which is widely used for the sensor of 
this type of the device. The wave length is preferably 
900 nm at which the relative luminous efficiency of the 
human being is low. If a light source of the type which 
emits a light beam, not sharp, such as a bare light emit- 
ting diode and a semiconductor laser, is usedforthe light 
source 10, the resultant bar code read device will have 
a more improved safety. 

Thus, the bar code read device of the present em- 
bodiment automatically starts the bar code read opera- 
tion if the symbol surface 4 is set at a position where the 
bar code read device can read the bar code. When a 
large amount of data must be read for data gathering, 
the bar code read device can efficiently proceed with the 
data collection Further, when the symbol surface 4 is 
not present at the read-possible position, the laser 
source 2 and the scanner are not driven and the laser 
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beam L1 will not enter the eyes of persons near the de- 
vice. As an added feature, power consumption is re- 
duced. There is no need for the setting of the emitting 
direction of the laser beam at a fixed target position 
s when it detects the symbol surface. There is no need to 
control the direction of the scanner, simplifying the con- 
struction of the bar code read device. 

Control circuit 14 may be arranged such that when 
laser source 2 is driven, control circuit 1 4 may send to 
10 drive circuit 11 , through a signal line 16, a control signal 
to stop the emission of light from the light source 10. 
Such an arrangement reduces power consumption. In 
this arrangement wherein light sources 2 and 10 are 
controlled, laser beam 11 is not confused with the light 
is beam 13, and there is no need of using the different 
modulating frequencies for the laser beam 11 and the 
light beam 12. 

The confusion of the laser beam 11 with the light 
beam 13 may be removed in the following way The 
wave lengths of the respective light beams are selected 
to be different from each other. The detect wave length 
bands of the first and second detecting circuits 5 and 1 2 
are adapted to receive light from only their respective 
light sources by using optical filters In this case, the 
modulating frequencies of the light beams 11 and 13 
may be equal to each other. 

A pulse drive method is employed for modulating 
the laser beam L1 and the light L3. In a case where a 
lamp and a gas laser are used for the light sources 2 
and 10, a high speed shutter, for example, may be 
placed in the optical paths of the emitted light beams. 

In a special situation where there is no need to take 
precaution against disturbance light, the modulated light 
beam may be only one light beam, the laser beam L1 or 
the light beam L3, in order to avoid the confusion of the 
reflected lights L2 and L4 

The power consumption by the light source 10 may 
be reduced by driving the light source 10 at intervals of 
1 Khz or less. The figure of 1 KHz. is selected because 
1 KHz. is the spatial frequency of the bar code when the 
scanning speed of the fat bar code is slow. 

FIGURE 2 is a block diagram of a second embodi- 
ment of a symbol read device according to the invention. 
Throughout the figures, like or equivalent portions from 
one embodiment to another are designated by like ref- 
erence numerals and such like or equivalent portions 
are not re-descnbed. In the second embodiment, a sin- 
gle detecting circuit 20 is utilized instead of separate de- 
tecting circuits such as circuits 5 and 12 in the FIGURE 
1 embodiment. Detecting circuit 20 includes a photo di- 
ode for detecting the light L2 and L4 reflected from the 
symbol surface 4, which respectively correspond to light 
L1 and L3. The output signal of the detector circuit 20 is 
applied to a signal separating circuit 21 including first 
and second filters 6 and 13. 

A laser drive circuit 1 , as in the first embodiment, 
pulse-drives laser source 2 at a first frequency f1, and 
a drive circuit 11 likewise pulse-drives a light source 10 
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at a second frequency 12. Accordingly, an output signal 
of filter 6, having a pass band with a center frequency 
f 1 represents the component of the reflected light L2 of 
the laser beam L1 that is extracted from the output signal 
of the detecting circuit 20. Similarly, an output signal of s 
the filter 1 3, having a pass band with a center frequency 
f2 represents the component of the reflected light L4 
from light source 10 that is extracted from the output 
signal of the detecting circuit 12. Accordingly, a recog- 
nizing circuit 7 can well recognize the bar code, f reef rom 
the adverse effect of the reflected light L4. The controller 
14 can judge whether or not the symbol surface 4 is to- 
cated at such a position as to ensure a reliable reading 
of bar codes, while being free from the adverse effect 
by the laser beam 11 . 

The second embodiment, may be constructed at a 
lower cost than the first embodiment, because of use of 
only one detector. 

Also in the second embodiment, the light source 10 
may be constantly driven or it may be stopped when the 
laser source 2 and the scanner 3 are driven. The latter 
case may reduce the power consumption by the device. 

FIGURE 3 is a block diagram of a third embodiment 
of a symbol read device according to the present inven- 
tion. As in the FIGURE 2 embodiment, a single detecting 
circuit 20 is used However, in this embodiment, an out- 
put signal from detector 20 is selectively coupled, by a 
selector 30 operating as a signal separator, to either rec- 
ognizing circuit 7 or to controller 14. Selector 30 selects 
its output in response to a control signal from controller 
14. 

Controller 14 applies to the laser drive circuit 1 or 
the drive circuit 11 a control signal to selectively drive 
the laser source 2 or the light source 10. When output- 
ting a control signal to drive the light source 1 0, it outputs 
onto the line 31 a control signal to cause the selector 30 
to switch to the controller 14 When outputting a control 
signal to drive the laser source 2, it outputs a control 
signal to cause the selector 30 to switch the output from 
detector 20 to recognizing circuit 7. 

Using this selection arrangement, the component 
of the output signal of the detector 20, which corre- 
sponds to the reflected light 12, will not be applied to the 
controller 14. Also the component of the output signal 
of the detector 20, which corresponds to the reflected 
light L4, will not be applied to the recognizing circuit 7 
Therefore, there is no confusion of the reflected light 
beams L2 and L4 even though there is not provided first 
and second filters as in the embodiment of FIGURE 2. 

In the FIGURE 3 embodiment, there is no need to 
use different modulating frequencies for the light beams 
L1 and L3 or different wave lengths of those beams? in 
order to discriminate the beams one from the other. 

FIGURE 4 is a block diagram of another arrange- 
ment of a symbol read device. In this embodiment there 
is no positional light source separate and distinct from 
light source 2. A laser beam L1 emitted by a laser source 
2 passes through a scanner 3 which may include a pol- 



ygon mirror, or the like. A beam from scanner 3 passes 
through an opening in casing 8 (not shown in this figure) 
and is directed toward a bar code 18. 

The laser beam L1 is scattered on a symbol surface 
4. Reflected light L2 is received by a detector 22 which 
may include a photo diode, or the like. An output of de- 
tector 22 is coupled to a recognizing circuit 7 through a 
filter 6 having a pass band centered at a first frequency 
ft . The recognizing circuit 7 converts an output signal 
of the filter 6 into a binary (two-value) signal by which 
information representing the bar code 18 is reproduced. 

Laser source 2 is pulse-driven by the first frequency 
f1 which is much higher than a spatial frequency of the 
bar code 1 8 Pulse driving laser source 2 reduces power 
consumption with respect to driving laser source 2 con- 
tinuously. The component of the frequency f 1 is extract- 
ed by the filter 6 so that the interference by a light dis- 
turbance is removed, and the bar code is accurately 
read. 

A scan-direction detector 31 detects the three scan 
directions. Detector 31 is placed on an optical path from 
the scanner 3 to the symbol surface 4 A signal from 
detector 22 is processed and eventually used to control 
a beam emitting controller 32 for controlling the output 
operation ot the beam emitter 11. Controller 32 pulse- 
drives the beam emitter 11 at the first frequency f 1 . That 
is, the controller 32 controls an average output power of 
the laser beam L1 emitted from the beam emitter 11 by 
a duty ratio of a turn-on/turn -off of the beam emitter 11. 

The beam emitting controller 32 is coupled to an 
output of a selector 33 for selecting a multi-directional 
scan mode for all of the three scans or a unidirectional 
scan mode for only one of the three scans Controller 
32 is further coupled to receive an output from a selector 
34 for selecting the scan direction in the unidirectional 
scan mode 

Scanner 3 is arranged as shown in FIGURE 5 
Plane mirrors 26, 27, and 28 are disposed around a pol- 
ygon mirror 25 The various side face surfaces, such as 
surface 25a, of polygon mirror 25 are polarized reflect- 
ing surfaces that are slanted at predetermined angles 
with respect to an axial line 25b Polygon mirror 25 is 
rotated at a fixed angular speed by a motor 24. 

FIGURE 7 is an explanatory diagram showing how 
the bar code 1 8 on symbol surface 4 is scanned by scan- 
ner 3 With the rotation of the polygon mirror 25, an in- 
cident angle of the laser beam on each reflecting surface 
25a varies, so that the laser beam from the polygon mir- 
ror 25 is first incident on the plane mirror 26, then on 
plane mirror 27 and then on mirror 28 The laser beam 
reflected from the plane mirror 26 forms a scanning line 
a on symbol surface 4. When the polygon mirror 25 is 
further rotated, the laser beam from the mirror 25 is in- 
cident on the second plane mirror 26, which forms a 
scanning line p on the symbol surface 4. Then, the laser 
beam from the mirror 25 is incident on the third plane 
mirror 28, and the laser beam reflected thereby forms a 
scanning line y (greek symbol tau) on the symbol surface 
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4. In this way, the laser beam forms the scanning lines 
a, p, and y of different directions on the symbol surface 
4. 

If any of those scanning lines a, p, and y moves 
across the entire bar code 18, the bar code 18 can be s 
read using the output signal of detector 22. In the de- 
scription to follow, the scans of the bar code 18 by the 
laser beam L1 , which form the scanning lines a, (J, and 
y, will be referred to "a-direction scan", "p-direction 
scan', and "y-direction scan - , respectively. 10 

FIGURE 8 is a plan view showing in schematic form, 
scan-direction detector 31. An opening 40, through 
which the laser beam L1 passes outwardly, is formed in 
casing 8 Three photodetecting elements 41 , 42, and 43, 
arrayed near the peripheral side of the opening 40, are *s 
fixed on the inner wall of the casing 8. The photodetect- 
ing elements 41 , 42, and 43, corresponding to scanning 
lines a, p, and y, receive the laser beam L1 when the 
"a-direction scan". "P-direction scan*, and Ydirection 
scan" are terminated. 20 

This particular embodiment is particularly useful in 
a scanning situation such as is used at a supermarket 
check out, where the orientation of bar codes to be read 
is indefinite. Selector 33 is operated to select the multi- 
directional scan mode. In this case, the symbol surface 2B 
4 is scanned with the laser beam L1 of which the aver- 
age output power is equal for each one of the three "a- 
direction scan", "p-direction scan", and Y direc t'° n 
scan". Accordingly, the bar code 1B can be recognized 
by using the output signal of detector 22 when any of 30 
the scanning lines scans across the entire bar code 18 
There is no need for strictly setting up the positional re- 
lationship between the barcode 18 and the symbol read 
device. Data can efficiently be entered on the basis of 
reading the bar code. Where a plurality of bar codes are 3S 
arrayed side by side, use of the multi-directional scan 
mode allows the symbol read device to mistakenly read 
a bar code which is not the bar code to be read by an 
operator (undesired bar code). In such a case, all the 
operator has to do is select one of the a-scan direction, 40 
P-scan direction, and "y-scan direction', to set up the 
unidirectional scan mode In response to this, controller 
32 increases the average output power (first value) of 
the beam emitter 11 . For the scan of another direction, 
the average output power (second value) of the beam 45 
emitter 11 is decreased. 

FIGURE 9 is a timing chart showing an operation of 
the bar code reader when the unidirectional scan mode 
is executed upon selection of the a-direction scan. Figs. 
9(a) through 9(c) show waveforms of the output signals so 
of the photodetecting elements 41 , 42 and 43 shown in 
FIGURE 8. FIGURE 9(d) shows an operation of the 
beam emitter 11. The "a-direction scan", 'P-direction 
scan", and "y-direction scan" are sequentially per- 
formed, so that the scan lines are formed in the order ss 
of . a-+p-*y.. The laser beam 11 emitted from the 
beam emitter 11 being pulse driven is detected by the 
photodetecting element 43, and the "y-direction scan" 
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terminates. Then, the beam emitting controller 32 in- 
creases a ratio of the turn-on time A ON to the turn-off 
time A OFF during a period Ta from the termination of 
the Ydirection scan" till the photodetecting element 41 
detects the laser beam 1 1 . As a result, the "a-direction 
scan" during the period Ta is performed by the laser 
beam 1 1 of a large average output power. At time t2, the 
photodetecting element 41 detects the laser beam 11 
and the 'a-direction scan" terminates. Then, the beam 
emitting controller 32 decreases a ratio of the turn-on 
time AON to the turn-off time AOFF, so that the average 
output power of the laser beam 11 is decreased. In this 
way, the "p-direction scan" is performed by the laser 
beam 11 of a low average output power during a period 
TP from the termination of the Ydirection scan" till the 
photodetecting element 42 detects the laser beam 11. 
Also during a period Ty from when the photodetecting 
element 42 detects the laser beam 1 1 until the photode- 
tecting element 43 detects the laser beam 11, the Y 
direction scan" is performed by the laser beam 11 of a 
low average output power. 

Thus, only the "a-direction scan" is performed using 
the laser beam 11 of a large average output power Dur- 
ing the periods of the "p-direction scan" and the Ydi- 
rection scan", the output signal of the detector 22 is too 
small to recognize the bar code Therefore, the bar code 
is read only in the "a-direction scan". 

As described above, when using the bar code read- 
er of the present embodiment, an operator may select 
either of the multi-directional scan mode to read the bar 
code by the three-direction scan or the unidirectional 
scan mode to read bar code by the one-direction scan. 
Where a plurality of bar codes are closely arrayed, the 
use of the multi-directional scan mode allows the bar 
code read device to mistakenly read a undesired bar 
code so that the data entry work becomes inefficient, 
the unidirectional scan mode is selected Thus, the op- 
erator may select the unidirectional scan mode or the 
multi-directional scan mode according to the condition 
of using the bar code reader, leading to a remarkable 
improvement of the data entry work efficiency. The scan 
direction in the unidirectional scan mode may be select- 
ed by the selector 34. The reason for this is that the 
adaptability of the bar code reader for various use con- 
ditions is improved. When this feature is incorporated 
into a bar code reader fixed in a position above a belt 
conveyer, the bar code reader can read bar codes of 
different orientations, attached to articles conveyed by 
the conveyer When the feature is incorporated into the 
hand-held type bar code readers, the scan direction may 
be selected according to the skillful hand of an operator 
or his/her own taste, leading to a further improvement 
of data entry work efficiency. 

Also in the present embodiment, when the unidirec- 
tional scan mode is selected by the selector 33, the scan 
in the selected scan direction is performed by the large 
power laser beam, while the scans in the remaining scan 
directions, by the small power laser beam. Accordingly, 
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if each output value is property selected, the bar code 
may be read in the multi-directional scan mode when a 
distance between the bar code and the bar code reader 
is short, and it may be done in the unidirectional scan 
mode when the distance is long. If it is so done, the un- s 
desired bar code will not be read when the distance is 
long, and when the distance is short, the positional re- 
lationship between the barcode and the bar code reader 
need not be precisely set. 

In the present embodiment, when the unidirectional 
scan mode is selected, the emission of the laser beam 
L1 may be stopped during the periods of the scans other 
than the "a-direction scanV In this case, however, the 
arrangement of the scanner shown in FIGURE 8 cannot 
detect the scan direction. 

To cope with this, an alternative arrangement of 
scanner 3 is shown in FIGURE 11. A permanent magnet 
51 is fixed to a drive shaft 24a of the motor 24 for rotating 
the polygon mirror 25. Thus, magnet 51 rotates with 
drive shaft 24a. A plurality of coils 52 are disposed close 
to a path along which the permanent magnet 51 rotates. 
An output signal of each of the coils 52 is applied to an 
angle detector 53 so that an angular position of mirror 
25 can be detected. Thus, the device can recognize 
which of the plane mirrors 26, 27 or 28 reflects the laser 
beam L1 from the beam emitter 11. Accordingly, it can 
detect "a-direction scan", "p-direction scan", or "y-direc- 
tionscan". In a symbol read device incorporating a scan- 
ner 3 as shown in FIGURE 11, the output signal of the 
detector 53 is applied to controller 32 (shown in FIGURE 
4), to stop the emission of the laser beam 11 from the 
beam emitter 11 in the "P-direction scan" and the "y-di- 
rection scan" 

In the embodiment as mentioned above, when the 
bar code reader is in the unidirectional scan mode, the 
average output power of the laser beam L1 is reduced 
(or stopped) during the scanning operation of a non-se- 
lect scan direction. The frequency of the pulse signal for 
turning on the beam emitter is switched to the second 
frequency different from the first frequency; the average 
output power of the laser beam L1 is not reduced. 

Let us consider a case where the "a-direction scan" 
is selected by the selector 33 and the unidirectional scan 
mode is selected by the selector 33. When the "a-direc- 
tion scan" is performed according to the output signal of 
the scan direction detector 31 , the beam emitting con- 
troller 32 sets the pulse turn -on frequency of the beam 
emitter 11 at the first frequency as the passing frequency 
of the filter 23. During the periods of the "P-direction 
scan" and the "ydirection scan", the beam emitter 11 is 
turned on by the second frequency as the frequency out 
of the passing frequency band. 

As a result, the output signal of the detector 22, 
which is produced in other scans than the "a-direction 
scan", is removed by the filter 23. Accordingly, recog- 
nizing circuit recognizes the bar code depending only 
on the "a-direction scan". In this way, the unidirectional 
scan is substantially realized. 



FIGURE 6 is a block diagram of another embodi- 
ment of a symbol read device. This arrangement is sim- 
ilar to that shown in FIGURE 4, except that the output 
signal of detector 22 is applied to an automatic gain con- 
troller 81 having a plurality of automatic gain control cir- 
cuits AG C1 to AGC3. 

Automatic gain control circuits AGC1 to AGC3 re- 
spectively correspond to the "a-direction scan", "p-di- 
rection scan" and "y-direction scan". According to the 
output of detector 31 , controller 32 selects the automatic 
gain control circuit AGC1 during a period in which the 
laser beam L1 forms the scan line a shown in FIGURE 
7. It selects the automatic gain control circuit AGC2 dur- 
ing a period that the laser beam L1 forms the scan line 
p. It selects the automatic gain control circuit AGC3 dur- 
ing a period that the laser beam L1 forms the scan line 
Y The automatic gain control circuits AGC1 , AGC2, and 
AGC3are sequentially selected as the scan by the laser 
beam 11 progresses. 

FIGURE 10 is a block diagram of automatic gain 
controller 81 . Only automatic gain control circuit AGC1 
is shown because the others are similarly arranged. 

An output signal of detector 22 is applied to any of 
the automatic gain control circuits AGC1 to AGC3, 
through a selector 61 which is operated, by the controller 
32, according to the detect result from the scan direction 
detector 31 The output of detector 22 is applied to a 
selector 63 which is interlocked with the selector 61. 
During the period of the "a-direction scan", selectors 61 
and 63 are both connected to the automatic gain control 
circuit AGC1 . During the period of the "P-direction scan", 
the select circuits are both connected to the automatic 
gain control circuit AGC2. During the period of the "y- 
direction scan", those circuits are both connected to the 
automatic gain control circuit AGC3. 

The output signal of a variable gain amplifier 62 is 
applied to an integrator 64 The integrator 64 is used for 
calculating an average value of the output signal of the 
variable gain amplifier 62 during the period of one scan. 
The output signal of integrator 64 is applied to a sample/ 
hold circuit 65 The sample/hold circuit 65 samples and 
holds the output signal of the integrator 64 at the termi- 
nation of the "a-direction scan" in response to a sam- 
pling clock signal derived from the controller 32. The 
voltage that is held is applied as a control voltage to the 
variable gain amplifier 62, through a signal line 66, and 
determines a gain of the amplifier. 

For the details of the variable gain amplifier 62, the 
integrator 64, and the sample/hold circuit 65, reference 
is made to Japanese Patent Application Unexamined 
Publication No. 63-93g50. 

During the period of the "a-direction scan", the out- 
put of detector 22 is amplified at a gain set by the auto- 
matic gain control circuit AGC1 . During the period of the 
"P-direction scan", the output signal of the detector 22 
is amplified at a gain set by the automatic gain control 
circuit AGC2. During the period of the Ydirection scan", 
the output signal of the detector 22 is amplified at a gain 
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set by the automatic gain control circuit AGC3. Thus, 
the gain for the output signal of the detector 22 in the 
scan of one direction is not influenced by that for the 
output signal in the scan of other directions. A gain of 
the automatic gain control circuit AGC1 in the present 
"a-direction scan" is determined depending on the out- 
put signal level of the detector 22 in the previous "a- 
direction scan", and hence it is not influenced by the out- 
put signals of the detector 22 in the "P-direction scan" 
and the "y-direction scan". The same thing is true for the 
"P-direction scan" and the Ydirection 6can". Even if the 
regular reflection light from the symbol surface or an ob- 
ject of high reflectivity, for example, metal, in the "P-di- 
rection scan" or "-/-direction scan" is incident on the de- 
tector 22, a gain set by the automatic gain control circuit 
AGC1 corresponding to the "a-direction scan" will not 
be extremely small As a result, the barcode read device 
can recognize the bar code 1 8 read through "a-direction 
scan", free from the influence by the regular reflection 
light, and the like. 

As described above, the bar code read device can 
minimize the impairment of the read performance due 
to the regular reflection light, though it uses the auto- 
matic gain control circuits In addition to this, the device 
can accurately read symbols in various conditions. 

The operation of the selector 33 shown in FIGURE 
6 will now be described In the supermarket check out 
situation, described above, the read mode by the multi- 
directional scan is selected so as to provide an easy 
handling of the bar code read device when it reads a bar 
code. Where a plurality of bar codes are arrayed side 
by side, if the symbol recognition is performed through 
all of the a-, p-, and y-direction scans, the bar code read 
device may mistakenly read a bar code, which is not the 
bar code to be read. 

In such a case, an operator selects the "a-direction 
scan", " p-direction scan" or "y-direction scan" by means 
of the selector 34, and sets up the unidirectional scan 
mode by means of the selector 34. In response to this, 
the controller 32 permits only the automatic gain control 
circuit corresponding to the selected scan direction in 
the automatic gain controller 81 to operate, which pro- 
hibits the remaining automatic gain control circuits from 
operating (that is, forcibly sets the gain to "0"). More spe- 
cifically, the selector circuits having terminals not con- 
nected to any of the automatic gain control circuits 
AGC1 to AGC3 are used for the select circuits 61 and 
63. Under control of the controller 32, the control circuits 
are set up in either of two states, one in which they are 
connected to the automatic gain control circuit corre- 
sponding to the scan direction selected by selector 34, 
and the other in which they are not connected to any of 
the automatic gain control circuits. 

When the "a-direction scan", for example, is select- 
ed by selector 34, only the automatic gain control circuit 
AGC1 is allowed to operate, while the remaining circuits 
AGC2 and AGC3 are prohibited from operating. The 
controller 32 connects the select circuits 61 and 63 to 



18 

the automatic gain control circuit AGC1 only when the 
"a-direction scan' is performed. Accordingly, the auto- 
matic gain control circuit AGC1 controls the variable 
gain amplifier 62 so as to amplify the output signal of 

5 detector 22 in the present "a-direction scan" at the gain 
set by a control signal that is held by the sample/hold 
circuit 65 in association with the output signal of detector 
22 in the previous "a-direction scan". 

For the "P-direction scan"andthe Ydirection scan", 

io the gain for the output signal of the detector 22 is zero 
(0). Accordingly, the bar code read device recognizes 
the symbol surface 4 depending only on the "a-direction 
scan". When a plurality of bar codes are closely arrayed 
and use of the multi-directional scan mode leads to a 

is mistaken read of an undesired bar code and hence to 
make the data entry work inefficient, an operator can 
cope with the problem by selecting the unidirectional 
scan mode. Thus, when using the bar code read device 
of the present embodiment, the operator may select the 

20 unidirectional scan mode or the multi-directional scan 
mode according to the use conditions of the bar code 
read device, remarkably improving the data entry work 
through the bar code read. 

The scan direction in the unidirectional scan mode 

25 may be selected by selector 34 to enhance the adapta- 
bility of the symbol read device for use under various 
conditions When this feature is incorporated into a bar 
code reader fixed at a position above a belt conveyer, 
the bar code reader can read bar codes of different ori- 

30 entations, attached to articles conveyed by the convey- 
er When the feature is incorporated into the hand-held 
type bar code readers, the scan direction may be select- 
ed according to the skillful hand of an operator or his 
own taste, leading to a further improvement of data entry 

35 work efficiency. 

The present embodiment may be modified such that 
when the unidirectional scan mode is designated by the 
selector 33, the gain corresponding to the scan direction 
not selected by the selector 34 is not set to 0, but is set 

40 to a fixed value given when the symbol surface 4 is lo- 
cated close to the device Specifically, when the "a-di- 
rection scan" is selected by the selector 34, a fixed volt- 
age is used as a control signal to determine gains of the 
automatic gain control circuits AGC2 and AGC3 corre- 

45 sponding to the "P-direction scan" and the "y-direction 
scan" 

The bar code read device thus arranged may be op- 
erated in the following manner. When the distance be- 
tween the bar code and the symbol surface is short, the 

50 multi -directional scan mode is selected and the bar code 
recognition processing is performed using the data 
gathered through the scan When the distance is long, 
the unidirectional scan mode is selected and the bar 
code recognition processing is performed using the data 

55 gathered through the scan Therefore, the problem that 
when reading a distant bar code, the bar code read de- 
vice may mistakenly read an undesired bar code can be 
solved. Additionally, roughly setting of a positional rela- 
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tionship between the bar code and the device suffices 
when reading near barcodes, suffices for securing effi- 
cient data entry work. 

FIGURE 1 2 is a block diagram of an alternative em- 
bodiment of automatic gain controller 81. As shown, a s 
single variable gain amplifier 70 is provided for the three 
scan directions, "a-direction scan', "^-direction scan - , 
and Vdirection scan" Three sample/hold circuits 71, 
72 and 73 are provided for the three scans, respectively. 
In operation, a signal amplified by the variable gain am- 
plifier 70 is applied to an integrator 74 which in turn in- 
tegrates the signal over a period corresponding to the 
scan by the laser beam L1 . The integrated signal, after 
each scan terminates, is applied through a selector 75 
to the corresponding sample/hold circuit 71, 72 or 73 
where it is sampled and held. Each of the sample/hold 
circu its 7 1 to 7 3 rece ives a sampl i n g s ignal from the con - 
trailer 32 according to the output signal of the scan di- 
rection detector 31 . 

One of the output signals of the sample/hold circuits 
71 to 73 is selected by the selector 76, and is applied, 
as a control signal to determine a gain of the variable 
gain amplifier 70, through a line 77 to the amplifier 70 
Selectors 75 and 76, interlocked with each other, are 
operated by a control signal from the controller 32. Dur- 
ing the period of the 'a-direction scan', those circuits 
are connected to the sample/hold circuit 71 . During the 
period of the "P-direction scan", those circuits are con- 
nected to the sample/hold circuit 72. During the period 
of the "y-direction scan", those circuits are connected to 
the sample/hold circuit 73. 

It is evident that the arrangement as described 
above can achieve substantially the same operation and 
effects as those of the previous embodiment. When 
comparing with the arrangement of automatic gain con- 
troller shown in FIGURE 10, the required numbers of 
the variable gain amplifiers and the integrator are small 
in the present embodiment, and hence its construction 
is more simplified. 

Another embodiment will now be described. In the 
embodiments as mentioned above, three scan modes 
are used and the automatic gain control circuits are pro- 
vided for those scan modes, respectively As shown in 
FIGURE 13, eight scan lines S1 to S8 of eight different 
directions may be formed by the laser beam L1 . In this 
case, the positions scanned by the scan lines closely 
located are little different from each other. Therefore, 
use of equal gains for the output signals of the detector 
for two to three scan lines closely located, becomes little 
problematic in practical use. 

In the present embodiment, the scan lines S1 to S8 
are gathered into three groups, S1 to S3, S4 to S6, and 
S7 and S8. The automatic gain control circuit shown in 
FIGURE 10 is provided for each group (in the arrange- 
ment of FIGURE 1 2, the sample/hold circuit is provided 
for each group) 

In the arrangement of the present embodiment, the 
number of the automatic gain control circuits (or the 



sample/hold circuits) may be smaller than that of the 
scan lines. Therefore, when the present embodiment is 
applied for the case where a number of scan lines are 
used, the effects comparable with those of the first and 
second embodiments may be achieved by a lower cost. 

various embodiments have been presented in an 
effort to fully explain the invention. 

In describing embodiments using the omniscan 
mode, it should be recognized that the rasterscan mode 
could alternatively be used. Thus, the FIGURE 13 and 
FIGURE 14 type scans can be used in the alternative in 
any of the multiple scan arrangements. 

In the case of raster scan mode, the automatic gain 
control circuits may be provided for the scan lines s1 to 
s5, respectively. Alternatively, scan lines s1 to s5 may 
be gathered into groups. An automatic gain control cir- 
cuit is provided for each group of scan tines The circuit 
shown in FIGURE 12 may used for this type of the bar 
code read device. 

Tne various embodiments including a discussion of 
omni scan are illustrated using three scan lines only. Of 
course the invention is not limited to the use of three 
such scan lines. The three line example makes it easy 
to illustrate and understand the invention. However, two 
or more lines could be effectively utilized. The selectors 
could be configured according to the number of different 
scan lines utilized 

The descnption of the preferred embodiments has 
been made in terms of a device intended to read bar 
codes. However, the principles of the invention are 
equally applicable to optical character reader (OCR) de- 
vices. Such devices scan symbols with a light beam in 
order to read symbols 

In the foregoing descriptions, it was indicated that 
the gain of the variable gain amplifier for amplifying the 
output signal of the detector is set for each scan line or 
scan line group The gain of the amplifier can be adjust- 
ed as necessary and can be independent of the gain 
likewise set for another scan line or scan line group. 

In an situation where the detector receives the reg- 
ular reflection light from the symbol surface during a 
scan or in a situation where a scan line group moves 
across an object of a high reflectivity, such as metal, and 
light of high intensity is incident on the detector, if the 
gain for the scan line or the scan line group becomes 
extremely small, such an extremely small gain will not 
be set for another scan line or scan line group. There- 
fore, the symbol read device can accurately read sym- 
bols using the output signal of the detector for the latter 
scan line or scan line group. Thus, the symbol read de- 
vice of the invention, because of use of the automatic 
gain controller, can accurately read symbols in a wide 
read range and in various read conditions. 

The symbol read device according to the present 
invention may include one or more selector positions for 
controlling the gains of the various scan lines as desired. 
They could be set individually, in groups, etc. For exam- 
ple one scan line could have a gain that is automatically 
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controlled and the others could be fixed. This feature is 
very useful in a situation wherein many symbols are 
closely arrayed and an undesired symbol may be mis- 
takenly read. A mistaken read can be avoided by spec- 
ifying a scan line or a scan line group to be used tor 
symbol recognition. 

If the fixed value is set to a gain selected when a 
symbol is located within a short distance apart from the 
device, a distant symbol is recognized according to only 
the output signal of the detector caused by a scan line 
or a scan line group, realizing an accurate symbol read. 
A near symbol is recognized according to the output sig- 
nals of the detector by all of the scan lines, providing an 
excellent handling of the symbol read device when read- 
ing symbols 

When the symbol surface is placed at the symbol- 
read-impossible position, the beam emitter and the 
scanner are not driven and a symbol read operation is 
not performed. When the symbol surface is at the sym- 
bol-read-possible position, the beam emitter and the 
scanner are automatically controlled under control of the 
controller, so that the symbol read operation is per- 
formed. 

Accordingly, when a great number of symbols are 
read for data entry, the symbol read device can efficient- 
ly proceed with the data entry work, because the switch- 
ing operation to instruct the start of the symbol read op- 
eration is not required in the image read device. When 
the symbol surface is placed greatly apart from the read 
device such a distance as to provide an unreliable read 
operation or the symbol surface is out of the read field 
of the read device, the beam emitter and the scanner 
are not driven, and the laser beam will not enter the eyes 
of the persons near the device, improving the safety of 
the device. Further, the device will not mistakenly read 
the symbol greatly apart from the read device 

Furthermore, in the barcode read device, unlike the 
conventional one, it is not necessary to set the direction 
of the laser beam emission at a fixed target position 
when the device detects the symbol surface. For this 
reason, there is no need of a controller to control the 
scanner to change the beam emitting direction, leading 
to a simplified construction of the bar code read device. 



recognizing means (7) for processing the de- 
tection signal so as to recognize the symbol to 
be read, and 

s a control means (1 4) for control ling the first light 

source (2) and the scanning means (3) in the 
response to a detection signal from the light de- 
tecting means (5, 12; 20), 



10 characterized by 

a second light source (1 0) separate and distinct 
from the first light source (2) for illuminating the 
surface, 

is 

a signal separating means for separating the 
detection signal into components thereof corre- 
sponding to light from the first light source (2) 
and to light from the second light source (10), 
20 and applying the components corresponding to 

light from the first light source (2) to the recog- 
nizing means (7) and the components corre- 
sponding to light from the second light source 
(10) to the controlling means (14); 

25 

said controlling means (1 4) being responsive to 
the component corresponding to light from the 
second light source (10) for activating the first 
light source (2) and the scanning means (3) 
30 when the light from the second light source 

meets certain predetermined criteria. 

2. A symbol read device according to claim 1 wherein 
said light detecting means comprises 

35 

first means (5) for detecting light (L2) reflected 
from the symbol surface (4) and generating a 
first signal indicative thereof; 

40 second means (12) for detecting light (L4) re- 

flected from the symbol surface and outputting 
a second signal corresponding to an amount of 
light received; 



45 said first and second light detecting means also 

forming a part of said signal separating means. 

3. A symbol read device according to claim 1 or 2 fur- 
ther comprising: 

so 

means (1) for modulating the light beam emit- 
ted by the first light source (2) with a first fre- 
quency (fl), and 



Claims 

r 

1. A symbol read device comprising: 

a first light source (2) for emitting a light beam 
(L1); 

means (3) for scanning the light beam over a 
surface (4) bearing a symbol to be read; 

means (5, 12; 20) for detecting light reflected 
from the symbol surface (4) and generating a 
detection signal indicative thereof; 



means (11 ) for modulating light from the second 
light source (10) with a second frequency (f2) 
different from the first frequency (f 1). 
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4. A symbol road device according to one of the claims 
1 to 3, comprising 

first fitter means (6) coupled between the first 
light detecting means (5) and recognizing 5 
means (7) for filtering the first signal by passing 
the first frequency and rejecting other frequen- 
cies; and 

second filter means (13) coupled between the 
second detecting means (12) and the control- 
ling means (14) for filtering the second signal 
for picking up a component of the second fre- 
quency (f2) by passing the second frequency 
and rejecting other frequencies. 

5. A symbol read device according to claim 4, wherein 

the light of the light beam (L1) emitted by the 
first light source (2) has a first wavelength; and 

the light of the second light source (10) has sec- 
ond wavelength different from the first wave- 
length, the first filter means (6) having a pass 
band including the first wavelength and the sec- 
ond filter means (13) having a pass band in- 
cluding the second wavelength. 

6. A symbol read device according to one of the claims 

1 to 5 further comprising a manually operable switch 
(15) for controlling the control means (14) so as to 
override a controlling signal from the second filter 
(13). 

7. A symbol read device according to one of the claims 

2 to 6, wherein 

the light beam (L1) emitted by the first light 
source (2) has a first wavelength, 

light (L3) from the second light source (1 0) has 
a second wavelength, 

the first detecting means (5) is responsive to 
light of the first wavelength, and 

the second detecting means (12) is responsive 
to light of the second wavelength. 

8. A symbol read device according to one of the claims 
1 to 7 comprising 

selector means (30) for selectively coupling the de- 
tector signal to either the recognizing means (7) or 
the control means (14), the selector being control- 
led by the control means (14). 

9. A symbol read device according to claim 8 further 
comprising means for selectively driving the first 



and second light source (2, 10) to emit light at dif- 
ferent times and operate the selector means to op- 
erate in such a fashion that when the first light 
source (2) is operative, the detector signal is cou- 
pled to the recognizing means (7) and when the 
second light source (10) is operative, the detector 
signal is coupled to the control means (14). 



Patentanspruche 

1. Eine Zeichenlesevorrichtung mit: 

einer ersten Lichtquelle (2) zum Aussenden ei- 
nes Lichtstrahls (L1); 
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einem Mittel (3) zur Abtasfiuhrung des Licht- 
strahls uber eine Oberflache (4), die ein zu le- 
sendes Zeichen tragt; 

einem Mittel (5, 12, 20) zum Nachweisen von 
von der Zeichenoberflache (4) reflektiertem 
Licht und zum Erzeugen eines dies anzeigen- 
den Nachweissignals; 

einem Erkennungsmittel (7) zur Bearbeitung 
des Nachweissignals, um das zu lesende Zei- 
chen zu erkennen, und 

30 einem Steuermittel (14) zum Steuem der ersten 

Lichtquelle (2) und des Abtastmittels (3) in Er- 
widerung auf ein Nachweissignal von der Licht- 
nachweisvorrichtung (5, 12; 20), 

35 gekennzeichnet durch 

eine zweite Lichtquelle (10), die von der ersten 
Lichtquelle (2) getrennt und unterschieden ist 
zur Bestrahlung der Oberflache, 

40 

ein Signaltrennmittel zum Trennen des Nach- 
weissignals in seine Komponenten entspre- 
chend dem Licht von der ersten Lichtquelle (2) 
und dem Licht von der zweiten Lichtquelle (1 0) 
45 und zum Anwenden der dem Licht von der er- 

sten Lichtquelle (2) entsprechenden Kompo- 
nenten auf das Erkennungsmittel (7) und der 
dem Licht von der zweiten Lichtquelle (10) ent- 
sprechenden Komponenten auf das Steuermit- 
50 tel (14); 

wobei das Steuermittel (14) auf die dem Licht 
von der zweiten Lichtquelle (10) entsprechen- 
de Komponente anspricht zum Aktivieren der 
ss ersten Lichtquelle (2) und des Abtastmittels (3), 

wenn das Licht von der zweiten Lichtquelle ein 
vorbestimmtes Kriterium erfullt. 
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Eine Zeichenlesevorrichtung gemaB Anspruch 1, 
wobei das Lichtnachwei6mittel 

ein arstes Mittel (5) zum Nachweisen von Licht 
(L2), das von der Zeichenoberflache (4) reflek- s 
tiert wird, und zum Erzeugen eines dies anzei- 
ganden ersten Signals; 

und ein zweites Mittel (12) umfaBt zum Nach- 
weisen von Licht (L4), das von der Zeichen- to 
oberflache reflektiert wird, und zum Ausgeben 
eines zweiten Signals, das der empfangenen 
Lichtmenge entsprtcht; 

wobei das erste und zweite Lichtnachweismit- « 
tel auch einen Teil des Signaltrennmittels bil- 
den. 

Eine Zeichenlesevorrichtung gemaB Anspruch 1 
Oder 2, weiter mit: 20 

einem Mittel (1) zum Modulieren des durch die 
erste Lichtquelle (2) emittierten Lichtstrahls mit 
einer ersten Frequenz (t1); und 

25 

einem Mittel (11) zum Modulieren von Licht von 
der zweiten Lichtquelle (10) mit einer zweiten 
Frequenz (f2), die sich von der ersten Frequenz 
(f 1 ) unterscheidet. 

30 

Eine Zeichenlesevonichtung gemaB einem der An- 
sprOche 1 bis 3, mit 

einem ersten Filtermittel (6), das zwischen der 
ersten Lichtnachweisvorrichtung (5) und dem 35 
ErkennungsmitteJ (7) angeschlossen ist, zum 
Filtem des ersten Signals durch Hindurchlas- 
sen der ersten Frequenz und durch Zuruckwei- 
sung anderer Frequenzen; und 

40 

einem zweiten Filtermittel (13), das zwischen 
dem zweiten Nachweismittel (12) und dem 
Steuermittel (14) angeschlossen ist, zum Fil- 
tem des zweiten Signals zur Aufnahme einer 
Komponente der zweiten Frequenz (f2) durch 45 
Hindurchlassen der zweiten Frequenz und Zu- 
ruckweisen anderer Frequenzen. 

Eine Zeichenlesevorrichtung gemaB Anspruch 4, 
wobei 50 

das Licht des durch die erste Lichtquelle (2) 
emittierten Lichtstrahls (L1) eine erste Wellen- 
lange aufweist; und 

55 

das Licht von der zweiten Lichtquelle (10) eine 
zweite Wellenlange, die sich von der ersten 
Wellenlange unterscheidet, aufweist, wobei 



das erste Filtermittel (6) einen BandpaB, der die 
erste Wellenlange einschlieBt, aufweist, und 
das zweite Filtermittel (1 3) einen BandpaB auf- 
weist, der die zweite Wellenlange einschlieBt. 

6. Eine Zeichenlesevorrichtung gemafl einem der An- 
spruche 1 bis 5, weiter mit einem manuell betreib- 
baren Schafter (15) zum Steuem der Steuervorrich- 
tung (14), urn ein Steuersignal von dem zweiten Fil- 
ter (13) zu ubergehen. 

7. Eine Zeichenlesevorrichtung gemaB einem der An- 
spruche 2 bis 6, wobei 

der durch die erste Lichtquelle (2) emittierte 
Lichtstrahl (L1) eine erste Wellenlange auf- 
weist, 

Licht (L3) von der zweiten Lichtquelle (10) eine 
zweite Wellenlange aufweist. 

das erste Nachweismittel (5) auf Licht der er- 
sten Wellenlange anspricht, und 

das zweite Nachweismittel (12) auf Licht der 
zweiten Wellenlange anspricht. 

8. Eine Zeichenlesevorrichtung gemaB einem der An- 
spruche 1 bis 7, mit 

einem Auswahlmittel (30) zum wahlweisen Ankop- 
peln des Detektorsignals an entweder das Erken- 
nungsmitte! (7) oder das Steuermittel (14), wobei 
das Auswahlmittel durch die Steuervorrichtung (1 4) 
gesteuert wird. 

9. Eine Zeichenlesevorrichtung gemaB Anspruch 8, 
weiter mit einem Mittel zum selektiven Ansteuem 
der ersten und zweiten Lichtquelle (2, 10) zum Emit- 
tieren von Licht zu unterschiedlichen Zeiten und 
zum Betrieb des Auswahlmittels auf solche Weise, 
daB bei Betrieb der ersten Lichtquelle (2) das De- 
tektorsignal an das Erkennungsmittel (7) gekoppelt 
wird und daB bei Betrieb der zweiten Lichtquelle 
(10) das Detektorsignal an das Steuermittel (14) ge- 
koppelt wird. 

Revendications 

1. Dispositif de lecture de symboie comportant: 

une premiere source lumineuse (2) en vue 
d'emettre un faisceau lumineux (L1 ); 
des moyens (3) pour deplacer le faisceau lumi- 
neux au-dessus d'une surface (4) portant un 
symboie devant Stre lu; 

des moyens (5, 12; 20) afin de detecter la lu- 
miere reflechie par la surface de symboie (4) et 
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gen6rant un signal de detection representatif 
de celle-ci; 

des moyens de reconnaissance (7) afin de trai- 
tor le signal de detection de maniere a recon- 
naTtre le symbole devant etre lu; et s 
un moyen de controle (14) afin de controler la 
premiere source lumineuse (2) et les moyens 
d'analyse (3) en reponse a un signal de detec- 
tion provenant des moyens de detection de lu- 
miere (5, 12; 20), 10 

caracterise par 

une seconde source lumineuse (10) separee et 
distincte de la premiere source lumineuse (2) 15 
afin d'eclairer la surface; 
un moyen de separation de signal afin de se- 
parer le signal de detection en ses composan- 
tes correspondant a la lumiere provenant de la 
premiere source lumineuse (2) et a la lumiere 20 
provenant de la seconde source lumineuse 
(10), et appliquer les composantes correspon- 
dant a la lumiere provenant de la premiere 
source lumineuse (2) aux moyens de recon- 
naissance (7) et les composantes correspon- 25 
dant a la lumiere provenant de la seconde sour- 
ce lumineuse (1 0) aux moyens de contr6le (1 4); 
lesdits moyens de contrSle (14) etant sensible 
a la composante correspondant a la lumiere 
provenant de la seconde source lumineuse 30 
(10) afin d'activer la premiere source lumineuse 
(2) et les moyens d'analyse (3) lorsque la lu- 
miere provenant de la seconde source lumi- 
neuse satisfait a certains criteres predetermi- 
nes. 35 

Dispositrf de lecture de symbole selon la revendica- 
tion 1, dans lequel lesdits moyens de detection de 
lumiere comportent 

40 

des premiers moyens (5) pour detecter une lu- 
miere (L2) reflechie par la surface de symbole 
(4) et generer un premier signal representatif 
de celle-ci; 

des seconds moyens (1 2) pour detecter une lu- 
miere (L4) reflechie par la surface de symbole 
et delivrer un second signal correspondant a 
une quantite de lumiere recue; 
lesdits premiers et seconds moyens de detec- 
tion de lumiere formant egalement une partie so 
desdits moyens de separation de signal. 

Dispositif de lecture de symbole selon la revendica- 
tion 1 ou 2, comportant en outre : 

55 

des moyens (1) afin de moduler le faisceau lu- 
mineux emis par la premiere source de lumiere 
(2) avec une premiere frequence (f1); et 



des moyens (11) en vue de moduler la lumiere 
provenant de la seconde source lumineuse 
(10) a une seconde frequence (f2) differentes 
de la premiere frequence (fl) 

4. Dispositrf de lecture de symbole selon Tune quel- 
conque des revendications 1 a 3, comportant 

un premier moyen de filtre (6) monte entre les 
premiers moyens de detection de lumiere (5) et 
les moyens de reconnaissance (7) afin de filtre r 
le premier signal en transmettant la premiere 
frequence et en rejetant d'autres frequences; et 
un second moyen de filtre (13) monte entre les 
seconds moyens de detection (12) et les 
moyens de contrdle (1 4) afin de filtrer le second 
signal en vue de detecter une composante de 
la seconde frequence (f2) en transmettant la 
seconde frequence et en rejetant d'autres fre- 
quences. 

5. Dispositif de lecture de symbole selon la revendica- 
tion 4, dans lequel la lumiere du faisceau lumineux 
(L1 ) emis par la premiere source lumineuse (2) pos- 
sede une premiere longueur d'onde; et 

la lumiere de la seconde source lumineuse 
(10) possede une seconde longueur d'onde diffe- 
rente de la premiere longueur d'onde, le premier 
moyen de filtre (6) ayant une bande passante com- 
prenant la premiere longueur d'onde et le second 
moyen de filtre (13) ayant une bande passante 
comprenant la seconde longueur d'onde. 

6. Dispositif de lecture de symbole selon Tune des re- 
vendications 1 a 5, comportant en outre un commu- 
tateur (15) actionnable manuellement pour com- 
mander les moyens de controle (14) de maniere a 
presenter une priorrte par rapport a un signal de 
controle provenant du second filtre (13). 

7. Dispositif de lecture de symbole selon Tune quel- 
conque des revendications 2 a 6, dans lequel 

le faisceau lumineux (L1) emis par la premiere 
source lumineuse (2) possede une premiere 
longueur d'onde, 

la lumiere (L3) provenant de la seconde source 
lumineuse (10) possede une seconde longueur 
d'onde, 

les premiers moyens de detection (5) sont sen- 
sibles a la lumiere de la premiere longueur 
d'onde, et 

les seconds moyens de detection (12) sont 
sensibles a la lumiere a la seconde longueur 
d'onde. 

8. Dispositif de lecture de symbole selon Tune quel- 
conque des revendications 1 a 7, comportant 
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des moyens de selection (30) pour relief se- 
lectivement le signal de detecteur sort aux moyens 
de reconnaissance (7), sort aux moyens de controle 
(14), le selecteur dtant commando par les moyens 
de controle (14). 5 

Dispositif de lecture de symbole selon la revendica- 
tion 8, comportant en outre des moyens pour com- 
mander selectivement les premiere et seconde 
sources lumineuses (2, 10) pour 6mettre une lumie- 10 
re a des instants differents et actionner le selecteur 
afin de fonctionner de telle maniere que, lorsque la 
premiere source lumineuse (2) est active, le signal 
du ddtecteur est coupl6 aux moyens de reconnais- 
sance (7), et lorsque la seconde source de lumiere *s 
(10) est active, le signal du d§tecteur est applique 
aux moyens de contrdle (14) 
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FIG. 4 
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FIG. 7 




22 



EP 0 460 669 B1 




23 



BP 0 460 669 B1 



FIG. 10 
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